Locally advanced breast cancer (LABC) continues to be a significant problem in the United States and a common breast cancer presentation worldwide. LABC generally is defined by bulky primary chest wall tumors and/or extensive adenopathy. This includes patients with T3 (O5 cm) or T4 tumors (chest wall fixation or skin ulceration and/or satellitosis) and N2/N3 disease (matted axillary and/or internal mammary metastases) [1] . Of note, recent studies demonstrate that prolonged survival can be achieved in patients with metastatic disease limited to the supraclavicular nodes after appropriate multimodality breast cancer treatment [1, 2] . As a result, the sixth edition of the American Joint Committee on Cancer (AJCC) staging system now includes isolated supraclavicular metastases in the stage III/LABC disease category [3] . According to the American College of Surgeons National Cancer Data Base, approximately 6% of breast cancers in the United States present as stage III breast cancer disease [4] . Five-year survival for stage III breast cancer is approximately 50%, compared with 87% for stage I.
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The extent to which LABC represents neglect and delayed diagnosis versus aggressive tumor biology is unclear. Data from the Surveillance, Epidemiology, and End Results (SEER) program reveal that the proportion of LABC is notably higher among women of African, Hispanic, and Native American descent compared with white and Asian Americans, contributing to increased mortality in these populations. These disparities partly reflect socioeconomic and health care access inequalities, but parallel variations in the incidence of breast cancer based on country of origin also suggest the existence of environmental and genetic factors. This article discusses the history of LABC treatment and the preferred diagnostic-therapeutic management sequence. The evolving subjects of breast conservation, immediate breast reconstruction, optimal neoadjuvant treatment, and lymphatic mapping in patients who have LABC also are addressed.
Evolution of treatment options in locally advanced breast cancer
Surgeons historically have been at the forefront of investigating LABC treatment. Haagensen and Stout [5] at Columbia University provided early data regarding the dismal results of radical mastectomy alone as treatment for LABC over 60 years ago, reporting 5-year local recurrence and survival rates of 46% and 6%, respectively. This experience led to the definition of inoperable LABC when patients presented with extensive breast skin edema or satellitosis, intercostal/parasternal nodules, arm edema, supraclavicular metastases, or inflammatory breast cancer. In contrast, grave local signs of LABC were poor prognostic features, but not contraindications to resection. These included ulceration, limited skin edema, fixation to the pectoralis muscle, and bulky axillary adenopathy.
Therapeutic doses of chest wall radiation were similarly inadequate in controlling LABC. Studies from the 1970s and 1980s by the Joint Center for Radiation Therapy, Guy's Hospital, and the Mallincrodt Institute of Radiology all revealed excessively high failure rates, with 5-year local recurrence rates ranging from 46% to 72%, and survival rates of 16% to 30% [6] [7] [8] . Combined treatment with radiation plus surgery was also attempted in this era [9] [10] [11] , but yielded no significant improvement in disease control.
Preoperative chemotherapy protocols (also known as neoadjuvant or induction chemotherapy) revolutionized LABC care; this approach is now standard for patients with bulky breast and/or axillary disease. Early concerns regarding this approach were based on the potentially negative effects of preoperative chemotherapy on: surgical complication rates, the prognostic value of the axillary staging, and overall survival after delayed surgery. Clinical investigations reported during the 1980s and 1990s addressed and alleviated these concerns.
Comparable operative morbidity was demonstrated in a study of nearly 200 LABC patients treated with mastectomy, approximately half of whom received preoperative chemotherapy; neoadjuvant patients actually had a lower rate of postoperative seroma formation [12] . Danforth and colleagues [13] similarly reported that preoperative chemotherapy neither adversely affects surgical complication rates nor delays postoperative treatment. Most patients are ready for surgery 3 to 4 weeks after the last chemotherapy cycle, when absolute neutrophil and platelet counts are greater than 1500 and 100,000, respectively.
The prognostic value of axillary staging in LABC patients that have received neoadjuvant chemotherapy followed by axillary lymph node dissection was confirmed by McCready and colleagues [14] . A study of 136 LABC cases undergoing modified radical mastectomy following induction chemotherapy revealed that patients with no axillary metastases in the postchemotherapy mastectomy specimen had a nearly 80% 5-year survival rate. In contrast, fewer than 10% of patients who had 10 or more positive nodes survived 5 years, and patients who had an intermediate number of residual nodes had intermediate survival rates.
The issue of whether neoadjuvant chemotherapy can improve survival in LABC patients remains controversial. However several prospective trials conducted internationally have clearly demonstrated that delaying surgery while systemic therapy is being delivered does not compromise outcome when compared to the sequence of surgery first, followed by postoperative chemotherapy. It has been shown that neoadjuvant therapy does not worsen survival but it does improve resectability. Approximately 80% of patients have significant primary tumor shrinkage; only 2% to 3% have signs of progression [15] [16] [17] . Fears of a missed window of opportunity to resect chest wall disease therefore are unfounded, and preoperatively treated patients often are improved operative candidates. Resection is essential for documenting chemotherapy response and achieving locoregional control, as clinical assessment is notoriously unreliable [18, 19] . Table 1 [20] [21] [22] summarizes results of various LABC treatment strategies over the past several decades.
Currently, optimal control is achieved with preoperative chemotherapy followed by surgery and radiation. Preoperative versus postoperative chemotherapy have been directly compared in women with LABC and also in women with early stage breast cancer. These prospective clinical trials have demonstrated overall survival equivalence for the two sequences, confirming the oncologic safety of the neoadjuvant approach [23] [24] [25] [26] [27] [28] [29] [30] . Since patients with LABC benefit from the tumor downstaging and improved resectability that can be achieved with neoadjuvant chemotherapy, this sequence has become the preferred approach for patients with bulky, locally advanced disease at time of diagnosis.
Diagnostic and therapeutic management sequence
Establishing a tissue diagnosis is the initial priority on presentation of LABC. In many patients, core biopsy of the tumor, either freehand or under ultrasound guidance, is diagnostic. Core needle is preferred over fine needle aspiration, as cytology is insufficient to confirm invasion. Additionally, multiple cores should be extracted both to confirm invasive cancer and to evaluate hormone receptor status and HER2/neu expression. This is critical, because palpable ductal carcinoma in situ (DCIS) does exist, and induction chemotherapy is inappropriate for DCIS, even with microinvasion. A negative or nondiagnostic needle biopsy with a clinically suspicious lesion is an indication to proceed to diagnostic open biopsy; cases characterized by skin involvement may be amenable to punch biopsy. If matted, fixed, axillary, or supraclavicular adenopathy is present, fine needle aspiration of the nodes may be performed for staging. Prompt bilateral mammography in this setting is essential, regardless of patient age and date of her most recent study. Diffuse, suspicious microcalcifications or multiple lesions in different quadrants indicate multicentric disease, and are a contraindication to breast conservation therapy (BCT).
Patients who have these findings should be informed that they will require mastectomy regardless of their neoadjuvant therapy response [31] . If BCT is a consideration, a microclip placed at the primary tumor is essential before the initiation of induction therapy, unless the primary tumor is associated with a cluster of microcalcifications. Up to 50% of patients may have a complete clinical response, and an unmarked primary site eliminates the possibility of breast preservation in these cases, as the lumpectomy site will no longer be adequately defined.
Breast and axillary ultrasound frequently yield valuable information regarding the extent of disease. In particular, axillary ultrasound can be used for image-guided FNA [32, 33] ; ultrasound detection of apical axillary/infraclavicular nodal metastases has been shown to provide important prognostic information [34] . Unfortunately, ultrasound has an approximately 20% falsenegative rate, as metastases smaller than 5 mm in size are undetectable.
Once a tissue diagnosis is established, LABC patients should undergo multidisciplinary review before treatment. The multidisciplinary team should include surgical, medical and radiation oncologists, pathologists, radiologists, and plastic surgeons, creating a unified treatment proposal and thereby minimizing the possibility that inconsistent messages will be delivered to the patient by the various specialists involved with the management plan. A baseline bone scan, and chest, abdominal, and pelvic CT scans are recommended for detection of metastatic disease. Directed radiographs to sites of new bone pain, or a head CT scan for new neurologic symptoms are also appropriate in selected cases. The yield of a metastatic work-up in an asymptomatic, early breast cancer patient is approximately 2% to 3%, but this risk rises to 30% in LABC [35] . With radiologic evidence of metastatic disease, the role of surgery is controversial. Some data suggest a survival benefit with aggressive breast surgery despite the presence of distant organ metastases. However, these retrospective analyses are limited by an inability to control for inherent selection biases [36] .
Patients receiving preoperative chemotherapy should be reassessed after one or two cycles and again at the completion of therapy to document response and explore surgical options. Repeat imaging may be useful at the interim evaluation. If minimal or no response is observed after the initial cycles, a decision should be made to either proceed with surgery or to cross over to a different systemic therapy. Salvage surgery allows for a full pathologic evaluation, facilitating decisions on adjuvant therapy. If an alternative regimen is selected, then reassessment after two cycles of the crossover treatment is necessary. Follow-up imaging is essential after complete delivery of neoadjuvant therapy for final preoperative surgical planning. Occasional patients that appeared to have a unicentric cancer density at presentation will experience unmasking of extensive microcalcifications or multicentric satellite tumors after chemotherapy response, and these findings may convert them to mandatory mastectomy cases.
Subset analyses of the phase III studies reveal that patients who have a complete pathologic response (pCR) have a statistically significant survival benefit, substantiating the concept that primary tumor response is a reliable surrogate for chemotherapy effect on micrometastases. In the NSABP B-18 trial [37] , patients with stage I to III breast cancer randomized to receive preoperative doxorubicin and Cytoxan and who experienced a pCR had a 5-year overall survival of 86%, statistically superior to the outcome seen in all other study participants. Predictors of a pCR include relatively smaller size primary breast tumors, estrogen receptor negativity, and highgrade lesions [38] .
Controversies in the management of locally advanced breast cancer patients

Breast conservation therapy versus mastectomy
The magnitude of the clinical response to neoadjuvant chemotherapy in LABC prompted investigations of breast conservation for selected patients. Initially, whether the clinical response correlated with either a concentric diminution of the initial mass or a primary tumor that left foci of malignant cells in the remaining parenchyma was unclear. Singletary and colleagues [39] conducted a feasibility study to evaluate the pathologic extent of residual disease in 136 LABC patients treated with induction chemotherapy. Extensive scrutiny of the postchemotherapy mastectomy specimens revealed that the residual tumor would have been amenable to lumpectomy in approximately 25% of patients.
From this and other studies [31] , several criteria for BCT in postneoadjuvant LABC have been adopted widely:
Patient desire for breast preservation Absence of multicentric disease (tumors in different quadrants of the breast) Absence of diffuse microcalcifications on mammogram Absence of skin involvement consistent with inflammatory breast cancer Residual tumor mass amenable to a margin-negative lumpectomy resection Prospective, randomized controlled clinical trial data have confirmed acceptable rates of local control among LABC patients undergoing breast-conserving surgery after neoadjuvant therapy. Several prospective, randomized controlled trials of neoadjuvant versus adjuvant/postoperative chemotherapy have included cohorts of patients with Stage III disease/ LABC. Data from these studies have documented acceptably low rates of local recurrence in LABC patients undergoing breast-conserving surgery after neoadjuvant chemotherapy (Table 2) [40, 41] . The NSABP B-18 investigators did note a trend toward higher local recurrence rates among patients requiring preoperative downstaging in order to become lumpectomy eligible (15% versus 7%). This is not necessarily surprising, however, as postlumpectomy local recurrence is one manifestation of aggressive tumor biology, and larger tumors are more likely to demonstrate aggressive behavior, even after mastectomy. Postmastectomy radiation (PMRT) is recommended for patients with T3 tumors because of this concept [42] . Of note, the NSABP defines a negative margin as the absence of tumor cells at the cut, inked specimen margin; wider margins are probably preferable in patients receiving neoadjuvant chemotherapy.
Optimal preoperative systemic therapy regimen
Currently, doxorubicin-based chemotherapy is the most widely-studied induction regimen, and it results in at least 50% tumor shrinkage in more than 75% of cases. The NSABP B-27 protocol randomized patients with resectable breast cancer to one of three neoadjuvant treatment arms: (1) doxorubicin and Cytoxan alone; (2) doxorubicin, Cytoxan, and docetaxel; or (3) preoperative doxorubicin and Cytoxan followed by postoperative docetaxel. Preliminary data [43] reveal a pCR rate of 26% associated with the addition of docetaxel to the preoperative regimen. Similarly, the University of Texas M.D. Anderson Cancer Center [44] has reported a pCR rate of nearly 30% in patients treated with preoperative doxorubicin, Cytoxan, 5-fluorouracil, and weekly Taxol.
The Aberdeen trial investigated whether the number of chemotherapy cycles is a stronger predictor of tumor response compared with chemotherapy type [45, 46] . One hundred sixty-two patients with primary tumors of at least 3 cm were given four cycles of doxorubicin-based chemotherapy. Responders then were randomized to either four more cycles of doxorubicin, or crossed over to four cycles of docetaxel, so that all patients received eight preoperative cycles of chemotherapy. Among the responders, the pCR rate for the doxorubicin-only group was 16%, compared with 34% for the responders randomized to the crossover docetaxel regimen (P ¼ .04), demonstrating that the nature of the agent is more important than the quantity. They also showed that poor responders may benefit from crossover to an alternative regimen. Survival analyses at 3 years also suggest improved outcomes for patients on docetaxel plus doxorubicin [46] .
Neoadjuvant endocrine therapy for estrogen receptor-positive LABC also holds great promise. Three-to-four months of therapy are preferred for an adequate response assessment, and preliminary studies suggest that aromatase inhibitors such as letrozole are more effective than tamoxifen [47, 48] . Other neoadjuvant regimens currently being evaluated include trastuzumab, Navelbine, capecitabine, and gemcitabine. Microarray technology and gene expression profiling are also being explored to optimize selection of neoadjuvant therapy [49] .
Monitoring response to neoadjuvant chemotherapy
A significant response to the primary chemotherapy regimen is observed in about 80% of cases; however, accurate prediction of a pCR is challenging. Conventional modalities for assessing chemotherapy response, including clinical examination, mammogram, and breast ultrasound, are incorrect in identifying pCR patients in nearly half of cases. The addition of imaging is clearly more useful than physical examination alone [31, 50] . Breast MRI [51, 52] , positron emission tomography [53] , and nuclear medicine sestamibi uptake scans [54, 55] have been reported in small series as monitoring strategies with encouraging results.
Immediate breast reconstruction
LABC traditionally has been perceived as a contraindication to immediate breast reconstruction (IBR), because of concerns regarding adjuvant treatment delays and the cosmetic effects of PMRT to breast reconstruction. Newman and colleagues [56] studied 50 patients with stage IIB to IIIA breast cancer who underwent mastectomy with IBR and found no adverse effect on surgical complication rates compared with 72 mastectomy patients who had LABC without IBR. There was a slightly prolonged interval for adjuvant chemotherapy among reconstructed patients; this did not affect recurrence rates. IBR with implants, however, was associated with more radiationrelated complications; nearly half of the irradiated patients developed contractures or recurrent infections, necessitating implant removal. Other investigators report favorable outcomes for LABC patients undergoing mastectomy and transverse rectus abdominus myocutaneous (TRAM) flap IBR [57] , although at least one recent study suggests that radiated TRAM flaps exhibit late-onset fibrosis and contracture [58] . Delayed reconstruction is therefore, usually preferred in LABC patients undergoing mastectomy, because of the substantial likelihood that PMRT will be necessary, and the potential damaging effects of radiating the reconstructed breast. Occasionally, LABC patients will require soft tissue coverage of an extensive chest wall defect at mastectomy. In these cases, a latissimus dorsi flap is the most common approach, as this flap is a technically straightforward and provides durable, radiationtolerant coverage. A latissimus dorsi flap used for chest wall coverage however, will usually not have the appearance of a reconstructed breast.
Locoregional irradiation for locally advanced breast cancer patients treated with neoadjuvant chemotherapy
The American Society of Clinical Oncology recommends PMRT for all patients who have four or more metastatic axillary lymph nodes based upon axillary surgical findings at presentation (without neoadjuvant chemotherapy), and that PMRT should be considered for any case of operable LABC [42] . In the setting of neoadjuvant therapy, the precise initial pathologic staging is unknown. Because PMRT appears to provide an outcome advantage as adjuvant treatment for surgically resected high-risk disease, a valid question arises regarding the possibility that neoadjuvant chemotherapy might impair the ability to identify these patients.
Patients who have at least four metastatic lymph nodes or 5 cm of residual disease in the breast after chemotherapy clearly benefit from locoregional irradiation, and all lumpectomy patients require breast irradiation. A conservative (and aggressive) approach would be to recommend radiation to all patients that present with LABC, regardless of chemotherapy response. However, patients with little or no residual breast/axillary disease after chemotherapy may not derive a significant benefit from regional nodal irradiation. Existing data are limited regarding whether or not comprehensive irradiation is absolutely necessary to achieve optimal locoregional control of disease in patients presenting with LABC, but in whom a substantial degree of downstaging occurred with neoadjuvant chemotherapy.
Mamounas and colleagues [59] reported patterns of locoregional failure among NSABP B-18 participants, where stage I to III breast cancer patients were randomized to either preoperative or postoperative chemotherapy. Study design prohibited postmastectomy irradiation, and lumpectomy patients received breast irradiation only (ie, without any regional irradiation). Predictors of locoregional failure were the same in both arms of the study, with four or more metastatic axillary nodes identifying patients who clearly benefit from chest wall irradiation regardless of whether or not the patient received chemotherapy prior to surgery. Thus, the NSABP B-18 data suggest that surgical pathology indications for locoregional irradiation are the same for patients that receive neoadjuvant chemotherapy and those that receive postoperative chemotherapy. In contrast, data from the M.D. Anderson Cancer Center suggest that even among patients with a complete response to neoadjuvant chemotherapy, the presenting stage of disease is predictive for risk of locoregional failure, and that this feature should also be taken into account when deciding on radiation needs. In clinical practice, the oncology team should review each patient in a multidisciplinary fashion, and discussions regarding the complete multimodality management (including final radiation planning) should begin at presentation [60] .
Integration of lymphatic mapping/sentinel lymph node biopsy into neoadjuvant chemotherapy protocols Sentinel node biopsy in cases of LABC has been approached with concerns that tumor embolization from a tumor might obstruct and alter lymphatic drainage, resulting in either misidentification of the SLN or an altogether failed mapping. Bedrosian and colleagues [61] and Chung and colleagues [62] reported excellent SLN identification rates (99% and 100%, respectively), and low false-negative rates (3% for both studies) in their respective series of LABC. Standard axillary lymph node dissection (ALND) however, remains recommended as definitive axillary staging in surgical programs that are still in the learning curve phase of lymphatic mapping for breast cancer.
Most LABC patients are treated with neoadjuvant chemotherapy, and the issue of whether sentinel node staging should be performed before or after neoadjuvant chemotherapy is widely-debated. The earliest studies of SLN biopsy in LABC were performed after delivery of the neoadjuvant chemotherapy, concurrent with the definitive breast surgery. Table 3 [63] [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] tabulates the findings of multiple studies where a SLN biopsy was performed with a concomitant ALND after neoadjuvant chemotherapy. The false negative rates range from 0% to 40%, and are influenced by institutional learning curve, sample size of node-positive cases (which serves as the denominator in the false negative fraction), and primary histopathology (with inflammatory breast cancers having the highest false negative rate). The largest series was reported by the multi-institutional NSABP B-27 study, where more than 400 patients underwent lymphatic mapping and SLN after preoperative chemotherapy. In this study, the SLN identification rate was 85%, and the falsenegative rate 11%. Although these rates are similar to reported multi-center results of lymphatic mapping performed in the primary surgery setting, the broad variation in single-institution results have left many oncology teams skeptical regarding the accuracy of a post-neoadjuvant chemotherapy sentinel lymph node biopsy in cases of LABC.
Because of ongoing uncertainty regarding the accuracy of SLN biopsy after neoadjuvant chemotherapy, several oncology teams have opted to routinely perform the staging SLN biopsy prior to delivery of the neoadjuvant chemotherapy. Some of these studies are summarized in Table 4 [77] [78] [79] . As shown by Olilla and colleagues [79] , in a study where all patients underwent a pre-neoadjuvant chemotherapy sentinel lymph node biopsy and a postneoadjuvant chemotherapy ALND (regardless of initial sentinel node results), patients that are node-negative at presentation uniformly remain node-negative after chemotherapy. Although this approach subjects patients to an additional operation, it does help to stratify the initial extent of disease. Nodal status is important in planning chemotherapy and for determining regional radiation benefit. Practice standards mandate that preinduction SLN-positive patients undergo completion ALND after neoadjuvant chemotherapy, but a significant proportion of these procedures will be negative for residual axillary nodal disease, as preoperative chemotherapy sterilizes axillary metastases in about 25% of cases. The advantages and disadvantages of performing a sentinel lymph node biopsy before versus after neoadjuvant chemotherapy are discussed further in the chapter that focuses on neoadjuvant chemotherapy for breast cancer. Furthermore, axillary metastases are limited to the sentinel node(s) in 25-60% of cases, and these patients will also have a negative post-neoadjuvant chemotherapy ALND.
At the University of Michigan, staging of LABC patients undergo a comprehensive evaluation of the axilla at presentation and after devlivery of the neoadjuvant chemotherapy [80] . Fig. 1 summarizes the current University of Michigan Breast Care Center treatment algorithm for the local, regional, and systemic management of patients presenting with LABC. Axillary ultrasound is obtained at presentation, and morphologically suspicious nodes undergo FNA; a negative ultrasound prompts a SLN biopsy before neoadjuvant chemotherapy. Upon completion of chemotherapy, patients with a negative prechemotherapy axillary work-up do not undergo ALND. Patients with documented prechemotherapy nodal disease (by either axillary FNA or sentinel lymph node biopsy) axillary disease undergo SLN biopsy and concomitant ALND at the time of their definitive surgery. This approach stratifies patients into three categories: node-negative, node-positive down-staged to node-negative, and node-positive with chemo-resistant disease. Thus far, the final SLN biopsy appears to correlate well with the final axillary status, suggesting that lymphatic mapping is an accurate identifier of patients who have residual nodal metastases after induction chemotherapy [81] . In the future, we hope to avoid the completion ALND in the patients whose final (post-chemotherapy) sentinel lymph node biopsy indicates that their initial node-positive disease has been downstaged to node-negative status.
Postoperative systemic therapy
Patients with hormone receptor-positive breast cancer should receive at least 5 years of either tamoxifen or an aromatase inhibitor. Aromatase inhibitors should be given only to postmenopausal women, as these drugs do not block estrogen production from functioning ovaries. Any woman of unknown menstrual status can have ovarian function assessed by measurement of serum follicle-stimulating hormone (FSH), luteinizing hormone (LH), and estradiol levels. The role of ovarian ablation/suppression for premenopausal, hormone receptor-positive breast cancer patients is not yet defined. Tumors overexpressing HER2/neu also require treatment with adjuvant trastuzamab [82, 83] .
Management of locoregional recurrences
Chest wall recurrence following mastectomy, or any postlumpectomy recurrence requiring chest wall resection historically has been perceived as a grave event, indicating aggressive tumor biology. Downey and colleagues [84] and Chagpar and colleagues [85] recently reviewed the Memorial Sloan Kettering and Anderson experiences in managing this relapse pattern. These investigators reported that prolonged survival can be achieved when managed with aggressive resection. Five-year overall survival was 35% at Memorial and 47% at Anderson when chest wall recurrence was an isolated failure. Improved survival was associated with a disease-free interval of at least 2 years, node-negative disease, and a less than 4 cm recurrence focus. Resections sometimes included sternum and/or ribs, but surgical morbidity was low.
Summary
In summary, locally advanced breast cancer is defined as bulky T3 and T4 tumors of the breast, or breast cancer associated with matted axillary (N2) or supraclavicular (N3) adenopathy. Overall outcome and local control rates have improved markedly with multimodal therapy, including neoadjuvant chemotherapy plus surgery and locoregional radiation. Additional postoperative systemic treatments are determined by primary tumor molecular markers. BCT may be offered to selected patients after downstaging by neoadjuvant chemotherapy. Treatment with induction chemotherapy can stratify prognosis better based upon pathological response. Ongoing studies are underway to define the optimal induction chemotherapy regimen for maximizing response rates. Incorporation of lymphatic mapping into neoadjuvant chemotherapy protocols requires further study.
